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Abstract:  The asymmetry of the modal profiles for dipole-exchange 
spin waves propagating in in-plane magnetized ferromagnetic films at a right 
angle to the applied magnetic field has been investigated theoretically. It was 
found that in the large-magnetic moment ferromagnetic metallic films with 
typical thicknesses 10-60 nm the fundamental mode of the spectrum is 
localized at the surface opposite to the surface of localization of the exchange-
free Damon-Eshbach surface wave. This “anomalous” localization of the 
wave does not affect the non-reciprocity of spin wave excitation by microstrip 
and coplanar transducers but may be detected in other types of experiments.   
 
The magnetostatic spin waves (SW) propagating in in-plane magnetized 
magnetic films and planar nanostructures with nanometer-range thicknesses have 
attracted a lot of attention in the recent years due to their potential applications in 
magnonic devices [1]. 
Given the largest group velocity of the spin wave which propagates at 90 
degree to the applied field (k⊥H) – the so called Surface or Damon-Eshbach (DE) 
Wave – has attracted the most of attention [2-8].  In 80ies-90ies this type of spin 
waves was extensively studied for thick (5micron+) low-magnetic moment yttrium-
iron oxide (YIG) epitaxial films. The typical thickness of a YIG film is much larger 
than pi α , where α=3.1⋅10-12 cm2 is the exchange constant length for this material, 
therefore the out-of-plane exchange contribution to the magnetic energy is negligible 
for these films. As a result, the exchange-free description of the wave spectrum is 
appropriate [9].  In the framework of this approach it has been found that the Damon-
Eshbach wave has a number of properties which are unique with respect to the other 
types of SW. These are: (i) the spectrum of these waves is single-mode; (ii) the 
distribution of dynamic magnetization across the film thickness m(x) (“the modal 
profile”) is given by an asymmetric exponential function exp(-kx) (“surface wave”) 
such that the wave propagating in one direction with respect to the direction of the 
applied field H is localised at one of the film surface (say, x=0 for H>0 and k>0), 
whereas the wave travelling in the opposite direction (k<0) is localised at the other 
film surface x=L (here L is the film thickness); and (iii) there is a strong difference in 
amplitudes of excitation  of  DE waves by microstrip transducers [10] and a similar 
property of strong Stokes-anti-Stokes asymmetry of Brillouin light scattering (BLS) 
peaks [11-13] (for a very simple descriptions see appendices to [14] and [15]) for the 
waves travelling in two opposite directions with respect to the direction of the applied 
field (“amplitude non-reciprocity”). 
 Note that we intentionally separated (ii) and (iii) in two different properties, 
since, as has been shown e.g. in [16], the amplitude non-reciprocity (iii) is not a direct 
consequence of the modal-profile non-reciprocity (ii) but originates from the 
important peculiarity of polarisation of dynamic magnetization for this wave. For 
instance, for the vanishing in-plane wave number (k=0) there is no (ii) at all but (iii) is 
large.  
On the other hand, both (ii) and (iii) have the same origin:  the DE wave is the 
only standard type of spin waves in magnetic films for which not one, but two 
components of the dynamic demagnetizing (dipole) field hd give contributions to the 
wave energy (in the linear case, of course).  The difference is, however, in the role of 
the anti-diagonal components of the magnetostatic Green’s function, which describe 
the dynamic demagnetizing field of precessing magnetization. These components give 
the contribution to the total amplitude of the in-plane component of the field hdz 
originating from the out-of-plane component of dynamic magnetization mx and vice 
versa (hdx induced by mz).  For the description of the amplitude non-reciprocity these 
components are irrelevant and may be neglected [16-18], but they play the dominant 
role in the formation of the asymmetric surface-type modal profile for this wave. 
Here one has to note that the commonly used formulation of the property (i) in 
the form as above is not completely correct: formally, there are also an infinite 
number of volume modes which co-exist with the DE wave for k⊥H.  However, the 
spectrum of these modes is degenerate and they are dispersionless: the frequency 
γ[H(H+4piMs)]1/2 is the same for any wave number k and any mode number n (Here γ 
is the gyromagnetic coefficient and Ms is the film saturation magnetization.)  Fig. 3 in 
the classical paper by Damon and Eshbach [9] explains this fact quite clearly.  
For thin magnetic films the contribution of the out-of-plane exchange 
interaction to the total effective field α4piMs(npi/L)2, becomes comparable to the 
contribution of the dipole field for small n. This lifts the degeneracy of this spectrum: 
the modes become up-shifted in frequency with a frequency shift scaling roughly as 
n
2
.  They still remain largely dispersionless until the longitudinal exchange α4piMskz2 
kicks in for large in-plane wave numbers kz. (see .e.g Fig.3(d) in [19]).   
For the low-magnetic moment epitaxial YIG films with thicknesses 1 to 5 
micron the frequency up-shift for the lowest volume modes is usually not large. This 
results in repulsion of dispersion branches for the fundamental mode (the DE wave) 
and for a respective volume mode and hybridisation of modal profiles in the 
frequency range where these modes repulse each other (see e.g. Fig. 1 in [20] and 
Figs.2 and 3 in [30]).  As a result, the Damon-Eschbach exchange-free model 
becomes invalid and the spectrum requires a more rigorous dipole-exchange treatment 
[20-31].  
For the high-magnetic moment metallic films which typically have thicknesses 
in the range 1nm to 40nm the situation is quite different. The first anti-symmetric 
volume mode n=1 is usually located above the high-frequency limit of existence of 
the exchange-free DE mode γ(H+2piMs).  (The volume waves often termed as 
standing spin wave modes (SSW) in the metallic-film community.)  This significant 
up-shift effectively makes the fundamental mode n=0 exchange-free again and the 
Damon-Eshbach model is applicable to its description again and is largely used in the 
community for the moderate wave numbers for which the longitudinal exchange 
interaction can be neglected (see e.g. [4,32,33]). 
In the following we will show that although this “effective exchange-free” 
approach is well suited for description of the dispersion of the fundamental mode it 
does not provide proper description of the modal non-reciprocity. We show that in the 
picture of mode hybridization the surface character of the fundamental mode 
originates from the dipole coupling of the  spectrum of the volume (i.e. SSW) modes 
with the n=0 mode via the anti-diagonal component of the magneto-static Green’s 
function [34].   When the degeneracy of this spectrum is lifted for α ≠0, the mode 
coupling becomes strongly dependent on the frequency position of the 1st SSW with 
respect to the frequency of the fundamental mode for a particular wave number. If the 
exchange field is small (including vanishing) and, consequently, the 1st SSW is 
located below the fundamental mode the fundamental mode is localised at the same 
surface as the “true” DE wave α=0. However, if the 1st SSW is strongly pushed 
upwards by a small film thickness and large saturation magnetization the n=0 mode is 
localised at the surface opposite to one for the true DE wave.  
Note that this property has no relevance for the experiments on excitation of 
spin waves by strip-line antennas [32,36], since the results are mostly dependent on 
the amplitude non-reciprocity which remains the same, because the fundamental 
mode polarisation is almost the same as in the exchange-free case. However, it is of 
importance for the Spintronics-related experiments on spin wave Doppler shift [37] 
since this effect may give an important unwanted contribution to the total frequency 
shift when a dc current flows through the film co-linear with the SW wave vector 
[38]. 
In the next section we present an approximate analytical theory of this effect 
and the results of numerical calculations supporting this analytical theory. 
Conclusions are contained in Section III. 
 
II Theory. 
In order to solve the problem we will follow the approach from [31]. For the 
self-consistency of the paper we repeat it here. Consider the frame of reference 
already partly introduced in Section I. The x-axis is perpendicular to the surface of a 
magnetic film. The surface is continuous in both y and z directions. The in-plane axis 
z coincides with the direction of the positive SW vector kz of a plane spin wave. The 
magnetic field H is applied in the film plane in the positive direction of the y-axis.   
To describe the magnetization dynamics we will use the linearized Landau-
Lifshitz equation  
 
/ efft γ∂ ∂ = − × + ×m m H h M .    (1) 
 
Here the dynamic magnetization vector m has only two non-vanishing components 
(mx,mz)  which are perpendicular to the static (equilibrium) magnetization vector 
M=Ms⋅ey, ey is the unit vector in the y-direction, and the dynamic effective field heff 
has two components: the exchange field hex given by 
 
2 2 2 2( / / )ex x zα= ∂ ∂ + ∂ ∂h m   (2) 
 
and the dynamic demagnetizing (dipole) field hd.  We seek the solution of (1) in the 
form of a plane spin wave 
 
 m,heff = mk,heffk exp(iωt−kzz).  (3)  
 
The dipole field is given by the magnetostatic Green’s function in the Fourier space 
Gk(s) [31] 
 
0
( ) ( ') ( ') '
L
dk k k k kx x x x dx= − ≡ ⊗∫h G m G m .  (4) 
 
In our frame of reference the components of this function take the form 
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where  exp( )
2
z
p z
k
G k s= − , sign( ) exp( )
2
z
q z
kG s k s= − , ( )sδ  is Dirac delta 
function, and sign(s)=1 for s>0 and −1 for s<1. Note that the only place where the 
sign of kz matters is in the pre-factor of the expression for Gq. Thus, the whole 
information about the non-reciprocity of SW is contained in the sign of this pre-factor. 
We now substitute (2)-(4) into (1) and perform a co-ordinate transformation 
mxk=(mk(1)+mk(2))/2, myk=(mk(1)−mk(2))/(2i) and a similar transformation for the 
components of heffk.   In these circular co-ordinates the linearized Landau-Lifshitz 
equation takes a very simple form 
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where δ=δ(s) (the Dirac delta function, as above),   H Hω γ= and 4M sMω γ pi=  and 
mk now has components (mk(1), mk(2)).    
 One sees that the eigenfrequency of spin waves represents an eigenvalue of the 
integro-differential operator given by the brackets on the right-hand side of (5). 
Accordingly, the eigenfunctions of the operator represent the modal profiles for the 
respective spin wave modes.  
 To obtain the eigenspectrum of spin waves and the modal profiles we solve 
Eq.(5) numerically. The mesh size is chosen such that the dipole sums resulting from 
discretization of the magnetostatic Green’s function (5) converge well. For instance, 
to calculate the dispersion of the fundamental mode for a 40nm-thick Permalloy film 
200 points across the film thickness are enough in the wave number range of interest 
0<kz<105 rad/cm.  
A typical result of the numerical calculations is shown in Figs. 1 and 2. 
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Fig. 1. Dispersion of the exchange-free Damon-Eshbach wave (thick dashed line) and 
dispersion of the fundamental (lower-frequency) and the 1st exchange (higher-
frequency) mode of dipole exchange spin waves propagating at 90 degrees to the 
applied field in a tangentially magnetized Permalloy film (thin solid lines). Film 
thickness is 40nm, applied field is 280 Oe. Saturation magnetization 4piMs=10500 G. 
 
 
Figure 1 displays the dispersion of the fundamental mode of a 40nm-thick Permalloy 
film calculated in exchange-free approximation (α,A=0) and using a realistic value for 
the exchange constant for Permalloy A=10−6 erg/cm. Note that the obtained exchange-
free dispersion is in full quantitative agreement with the Damon-Eshbach formula [9] 
and that in the dipole-exchange case we used the “unpinned surface spins” exchange 
boundary conditions [39]. One sees that the difference between the two dispersions 
negligible in the whole wave-number range displayed in the figure except the small 
range  k>105 rad/cm where the fundamental mode approaches the 1st SSW mode.   
 Figure 2 shows the respective modal profiles calculated for k=78000 rad/cm 
which is outside the range where the fundamental and the 1st SSW modes start to 
repulse each other.  The main observation from the figure is that the exchange-free 
and the dipole exchange waves are localised at the opposite film surfaces. One also 
sees that the asymmetry (localisation) of the dipole-exchange mode is stronger that of 
the exchange-free wave. The location of the surface at which the exchange-free wave 
is localised is in full agreement with the criterion for the DE wave [40] 
k/|k|=n0×M/|M|, where n0 is the internal normal to the surface at which the wave is 
localised. Thus, the exchange interaction results in localisation of the fundamental 
mode at the surface opposite to the standard surface of localisation of the DE wave.  
 The last statement is the main finding of this work.  
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Fig. 2. Modal profiles for the exchange-free Damon Eshbach wave (dashed lines) and 
for the fundamental mode of the dipole-exchange spin waves (solid lines).  
Thick lines:  kz=−78000 rad/cm, thin lines: kz=+78000 rad/cm. All other 
parameters as for Fig. 1. 
 
 Now we show a simple analytical theory which provides explanation of the 
observed phenomenon and clearly shows the difference between the true “Damon 
Eschbach” dispersion for thick films and the “pseudo Damon-Eschbach” behaviour of 
the fundamental mode of dipole exchange SW in thin metallic magnetic films.  
To construct this theory, as in [31] we solve the integro-differential equation 
(5) with Bubnov-Galerkin method.  It consists in expanding the x-dependence of  mk 
into series using an ortho-normal system of functions  satisfying the exchange 
boundary conditions at both film surfaces. For simplicity we assume the unpinned 
surface spins boundary conditions (
0,
/ 0k x Lx =∂ ∂ =m ) [39].  The following orthogonal 
series satisfies these conditions  
 
0
1
( ) 2 cosk k ki
i
i
x x
L
pi∞
=
 
= +  
 
∑m m m . (6) 
 
By projecting this equation on the basis of these orthogonal functions we obtain an 
infinite system of homogeneous algebraic equations given by Eq.(22) in [31].  
As shown in [19], the eigenfequencies of dipole-exchange spin wave can be 
calculated by numerically solving the eigenvalue problem for the matrix of 
coefficients of this system. Similarly, the eigenvectors of this matrix give the 
amplitudes of the series expansion kim  of the wave modal profiles ( )k xm  (see the 
discussion in [19] regarding Fig. 4 in that paper).  In contrast to this previous study 
here we will solve the eigenvalue/eigenvector analytically approximately to find the 
modal profiles of the DE-wave in the dipole-exchange regime.  
For this purpose we assume that the film is metallic magnetic and has a 
thickness typical for those samples such that the second SSW has the frequency lying 
well above the upper boundary of existence of the DE wave. In these conditions the 
DE wave may only efficiently couple to the 1st SSW which, depending on the film 
thickness, may be located either within the DE-wave frequency band (and both may 
repulse each other) or  at any frequency distance above the upper frequency edge of 
existence of the DE wave.  Under this assumption we may truncate the series (6) after 
i=1.  The respective vector-matrix equation takes the form 
0
1
k k k kC
η θ
ω
θ η
 
= ≡ 
− 
m m mɶ ɶ ɶ ,  (7) 
where kmɶ  is a 4-element column vector (mk0(1), mk0(2), mk1(1), mk1(2)) and the 2x2 
blocks 0(1)η  of the 4x4 matrix Ck are as follows.   
 
 
0(1) 0(1)
0(1)
0(1) 0(1)
A B
B A
η  =  
− − 
, (8) 
 
where 
 
0 / 2H MA ω ω= − − , 
2
1 0 ( / )MA A Lω α pi= − , 1 / 2MB ω= − , 0 1 00 ( )MB B P kω= −  (9) 
 
and  
0
( ) 2 cos( / ) ( ') cos( '/ ) '
L L
i j z p
o
P k i x L dx G x x j x L dxpi pi= −∫ ∫   (10) 
is the matrix element originating from projection of the Gp  component of the 
magnetostatic Green’s function (4) on the  basis of the functions (6). The 00P  element 
has an exceptionally simple form: 1−[1−exp(-|kz|L)]/ (|k|zL).  In order to simplify the 
expression, while writing down (9), in A0 and A1 we neglected the terms 2( )M zkω α  
responsible for the longitudinal exchange. This is a valid approximation for the most 
of the wave number range 2 00( ) ( )z zk P kα << excited by the microwave transducers 
and accessible with BLS. We also neglected the term 11( )M zP kω  in B1 , because 
11 00P P<<  for the same small-wave-number range and because from the exact 
numerical solution we know that SSW are dispersionless in this wave number range 
(see the discussion in the introduction).  
The matrix θ  is anti-diagonal  
 
0 1
1 0M
Qθ ω  =  
 
,  (10) 
 
where  01
0
( ) 2 cos(0 / ) ( ') cos(1 '/ ) '
L L
z q
o
Q Q k x L dx G x x x L dxpi pi≡ = −∫ ∫ . In the closed 
form it is given by Eq.(25) in [31]. 
 As shown in [41] a good approximation to the mode dispersion is given by the 
eigenvalues of the diagonal blocks of the matrix Ck. The eigenvalues of 0η   give the 
dispersion of the fundamental mode 
, 0k nω =  and the eigenvalues of 1η  the dispersion of 
the 1st SSW 
, 1k nω = .  These approximate relations are valid far away from the points of 
intersection of the dispersion branches they describe. Near the intersection points 
where the branches of the exact spectrum repulse each other and the mode hybridize 
the mode coupling should be included. As follows from (7) in the present case the θ 
blocks are responsible for the coupling between the diagonal blocks.   
 The effect of this coupling can be obtained in the framework of the theory of 
perturbations for the matrix eigenvalues. We will consider the matrix    
0(0)
1
0
0k
C
η
η
 
=  
 
 as the unperturbed matrix and the matrix (1)
0
0k
C
θ
θ
 
=  
− 
 as the 
matrix of perturbation.  The latter is appropriate, given 00Q P<< .   
The perturbation of a matrix eigenvector is given by the admixture of the other 
unperturbed eigenvectors to the eigenvector. In our case of coupling of just two 
modes the expression for the perturbed eigenvector for the fundamental mode is given 
by 
 
 
(0) (0)
, 0 , 0 , 1k n k n k k nc= = == +m m mɶ ɶ ɶ , (11) 
 
where the amplitude ck of admixture of the 1st SSW is given by 
 
 
(0) (1) (0)
, 1 , 0
, 0 , 1
k n k k n
k
k n k n
C
c
ω ω
= =
= =
=
−
µ mɶ
,  (12) 
 
(0)
, 0k n=mɶ  and 
(0)
, 1k n=mɶ  are the unperturbed right-hand (column) eigenvectors for the 
fundamental mode and for the 1st SSW respectively and  (0)
, 1k n=µ  is the left-hand (row) 
eigenvector of (0)kC  corresponding to the unperturbed 1
st
 SSW [42].   
The solution of the eigenvalue/eigenvector problem for a matrix in the form (8) is 
known. It is given by Bogolyubov transformation [43].  The eigenvalues are  
 
2 2
,k n n nA Bω = ± − . (13) 
 
The right-hand eigenvectors (0)
,k nmɶ   are ( , )n nu v and ( , )n nv u  for ,k nω−  and ,k nω+  
eigenvalues respectively, where 
, ,
( ) / (2 )
n k n n k nu Aω ω= −  and 
, ,
( ) / (2 )
n k n n k nv Aω ω= − − − . (Note that the negative sign in front of the square root 
in 
n
v  is because in our case 0
n
B < .)  The respective left-hand eigenvectors are 
( , )
n n
u v−  and ( , )
n n
v u− .  
 Thus, the amplitude ck is given by a very simple expression 
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1
1
2 2
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1 0 0
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k k
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ω ω
= =
 
 
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or, in the closed form, 
 
1 2 2 1
, 0 , 1
( )Mk
k n k n
Q
c u v u v
ω
ω ω
= =
= −
−
. (15). 
 
Let us examine the sign of ck first as a function of the wave number kz.   The 
quantities 
, 1k nω = , u2 and v2 do not depend on kz. Furthermore, u1(2)>0, v1(2)<0, u1>|v1| 
and the ratio |v1|/ u1 decreases with an increase in kz. This follows from the decrease in 
the DE wave ellipticity with kz. Thus, the expression in the brackets on r.h.s. of (15) 
represents a difference of two positive quantities. So, it may change sign as a function 
of kz. However, the dependence of u1 and v1 on kz is slower than the dependence of 
, 0k nω =  on kz, since the eigenvectors of a matrix are more stable to variation of its 
parameters than the eigenvalues (the same rule (12) applies).  
Thus, one sees that in the first place the sign of ck is given by the sign of the 
difference in the denominator of (15): for the set of parameters for Fig. 2 if the 
frequency of the unperturbed fundamental mode is higher than the frequency of the 
unperturbed 1st SSW ck is negative. If it is lower, then ck is positive in a wide range of 
wave numbers from both sides of the point of the intersection of the unperturbed 
branches.   
The physical meaning of ck follows from the expression for the perturbed 
modal profile: (0) (0)
, 0 , 0 , 1( ) 2 cosk n k n k k nx c xL
pi
= = =
 
= +  
 
m m mɶ ɶ .  One sees that the perturbed 
profile is a combination of a uniform function and a cosine function. The contribution 
of the cosine function to the total profile is anti-symmetric across the film thickness. 
Thus, the maximum of the total perturbed profile (2)
, 0 ( )k nm x=  is located at one of the 
film surfaces and the location of this surface is given by the sign of u2/ u1.   
Consider ther wave 
,k nω+  propagating in the positive direction of the axis z. 
For the wave localised at the same surface as the exchange-free DE wave this ratio 
should be positive. Figure 3(b) displays this ratio as a function of the value of the 
exchange constant calculated by using Eqs.(11) and (15). Figure 3(a) shows the 
respective perturbed eigenfrequencies calculated as the eigenvalues of Ck.  The value 
of the SW wave number for this calculation kz=78000 1/cm.  Since in our approximate 
model we neglect the exchange contribution to the frequency of the fundamental 
mode, the fundamental mode frequency is given by the horizontal straight line 
ω/(2pi)=10.710GHz in Fig.3(a). The curved sections of the lines are the perturbed 
frequency of the 1st SSW. The area where the straight line and the curved line repulse 
each other is the frequency range of the mode hybridisation.  
The main observation here is that when the exchange constant is small 
(including vanishing) the sign of this ratio is negative, i.e. the same as for the 
exchange-free Damon-Eschbach wave. The frequency of the fundamental mode is 
smaller than the frequency of the 1st SSW in this range. Above the point of 
intersection of the two unperturbed dispersions 
, 1 , 0k n k nω ω= =>  the sign of this ratio is 
positive, which implies that the fundamental mode is localized at the opposite surface 
now. This result is in full agreement with the exact solution from Fig. 2. Thus, this 
calculation confirms our conclusion above that the localisation is given by the sign of 
the frequency difference in the denominator of Eq.(15).   
Importantly, the sign remains the same far away from the hybridisation point. 
This implies that in the case of the thin metallic films (Fig. 1) for which the 1st 
exchange mode has the frequency usually (well) above the frequency of the 
fundamental mode the localisation of the fundamental mode of the dipole-exchange 
spectrum at the surface which is opposite to one at which the exchange free DE wave 
is localized is the effect of the dipole coupling of the fundamental mode to the nearest 
exchange branch. Rigorous numerical calculation using Eq.(5) shows that for a given 
wave number the extent of asymmetry of the mode profile (mode localisation) 
(mk(2)(x=L)−mk(2)(x=0))/(mk(2)(x=L)+mk(2)(x=0)) depends on the position of the 
frequency with respect to the hybridization point which can be changed by varying 
the value of the exchange constant. In particular, if the 1st SSW mode is above the 
fundamental mode, the modal profile asymmetry (localisation) reduces with increase 
in the frequency of the 1st SSW i.e. with frequency separation of the two modes.  This 
is in full agreement with Fig. 3(b).  
Also in agreement with Fig. 3(b) the localisation remains non-vanishing for 
α=0 and k≠0. In this particular case it scales as exp(-kzL) which is in full agreement 
with DE theory. This implies that in the framework of the coupling model (7) the 
localisation of the exchange-free wave at one of the surfaces is due to its coupling to 
the degenerate spectrum ω(k)=γ[H(H+4piMs)]1/2  of the dispersionless bulk waves (see 
the discussion in the introduction).  Importantly, the coupling does not decrease with 
an increase in the frequency of the DE mode (i.e. the mode localization grows with 
kz), possibly because this degenerate spectrum contains an infinite number of modes, 
and because |Qij(kz)| increases with kz. (An example of Qij(kz) dependence is shown in 
Fig. (4).) 
Recall that Qij(kz)  originates from the anti-diagonal elements Gq of the 
Green’s function. It vanishes when both i and j are odd or even. In this way it is 
responsible for coupling of modes of different symmetries (even to odd). In particular, 
it is responsible for the admixture of higher anti-symmetric terms j=1,3,5… of (6) to 
the uniform j=0 term in the case of the modal profile for the fundamental mode. This 
explains the role of the anti-diagonal component of the Green’s function in the 
formation of the surface character of the Damon-Eshbach wave. (Recall that this wave 
is the only standard type of SW for which Gq gives contribution to the total torque 
acting on the dynamic magnetization.) 
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Fig. 3. (a) Dependence of the frequency of spin waves on the value of the exchange 
constant calculated by solving Eq.(7) numerically. Wave number is 78000 1/cm and 
all other parameters are as in Fig. 1. (b) The ratio of the Fourier amplitudes u2/ u1 for 
the same set of parameters.  
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Fig. 4. Matrix element Q01 as a function of spin-wave wave number calculated for the 
parameters of Fig. 1. 
 
III Conclusion 
In this work we have investigated asymmetry of the modal profiles for dipole-
exchange spin waves propagating in in-plane magnetized ferromagnetic films at a 
right angle to the applied magnetic field. We found that in the large-magnetic moment 
ferromagnetic metallic films such as made from Permalloy, iron or similar with 
typical thicknesses 10-60 nm the fundamental mode of the spectrum is typically 
localized at the surface opposite to the surface of localization of the exchange-free 
Damon-Eshbach surface wave. The latter theory is a good model for the low-magnetic 
moment 1micron+ yttrium iron garnet ferrite films but, as shown here, fails to 
adequately describe the mode profiles for the dipole exchange waves in thin high-
magnetic-moment ferromagnetic films. We also explained the mode asymmetry as 
originating from the anti-diagonal component Gq of the tensor Green’s function of the 
magnetostatic (dipole) field. This type of waves is the only standard type of SW for 
which Gq contributes to the total torque acting on the magnetization vector. In the 
framework of this approach this explains why only this standard type of SW is 
characterised by an asymmetry of the modal profile across the film thickness. 
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